Some thermodynamic quantities for the Morse potential are analytically evaluated at an isobaric process. The parameters of Morse gases for 21 substances are obtained by the second virial coefficient data and the spectroscopic data of diatomic molecules. Also some thermodynamic quantities for water are calculated numerically and drawn graphically. The inflexion point of the length L which depends on temperature T and pressure P corresponds physically to a boiling point. L indicates the liquid phase from lower temperature to the inflexion point and the gaseous phase from the inflexion point to higher temperature. The boiling temperatures indicate reasonable values compared with experimental data. The behaviour of L suggests a chance of a first-order phase transition in one dimension.
Introduction
In the previous paper the behaviour of the length L has given a chance of a first-order phase transition in one dimension [1] while Takahasi had pointed out that the coexistence of two phases is impossible in a one-dimensional substance for any choice of the potential [2] . On one hand, the Morse potential has been applied to the intermolecular potential as the van der Waals force in atomic collision [3] , and the parameters of the Morse potential have been derived from the second virial coefficients [4] . It is especially interesting that the Morse potential is able to be applied to polar molecules which consist of the electrostatic interaction of two dipoles.
In this work, the parameters for Morse gases are obtained by the second virial coefficients and the spectroscopic data of diatomic molecules. The length L, ( dL/ dT ) P , enthalpy, and heat capacity are analytically represented of the two intensive variables T and P. These thermodynamic quantities are determined through numerical calculations, and are graphically displayed at atmospheric pressure for H 2 O. The chance of the first-order phase transition for the Morse potential at boiling points and atmospheric pressure is discussed.
Thermodynamic Functions of Morse Gases at the Isobaric Process
The particles and the gas constants in one dimension are calculated as follows [1, 5] . The number of particles obtained is
and consequently, a gas constant is
Another gas constant per particle corresponds to
and therefore
The Morse potential is expressed as
Introducing the new variables
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and
Then, the configurational partition function for the Morse potential may be defined as
The partition function in the T -P grand canonical ensemble is expressed as the product of kinetic and configurational partition functions,
The Gibbs free energy is derived from (14) as
The equation of state in one dimension is expressed as
where
The derivative of L with respect to T can be derived from (16):
The enthalpy is obtained as
The heat capacity at constant pressure can be easily derived from (18):
The integrals which are contained in (13), (16), (18), (19), and (20) can be explicitly calculated as follows:
where the polygamma function ψ(x) is defined as
The second virial coefficients for the intermolecular potential U(r) may be found, for classical statistics, from the well-known formula
where N A is the Avogadro number. The second virial coefficients for Morse gases [4] are expressed as
Numerical Results
The parameters of the Morse potential for 17 substances in A and B, D, r e , and α are determined from the experimental data of the second virial coefficients [6] and those for eight substances in C are derived from the spectroscopic data [7] as shown in Table 1 . Eigenvalues of the Morse potential due to the anharmonic oscillator [4] are represented as Table 1 . Parameters for Morse gas: Substances in part A and B are determined from experimental data of the second virial coefficients [6] . Those in part C are derived from spectroscopic data of diatomic molecules [7] . 
Another value is given by the spectroscopic constants
The dissociation energy D 0 is
where D is the energy depths and µ the reduced mass. The parameter α has the relation The Morse potential in A and B consists in the quantum-mechanical vibrational levels. Numerical results obtained with the length L, ( dL/ dT ) P , enthalpy, and heat capacity for H 2 O at atmospheric pressure are displayed in Figures 1 -4 . As shown in Figure 2 , the curve of ( dL/ dT ) P in (21) has a maximum at the temperature T 2 which is the inflexion point of the length L. This curve of ( dL/ dT ) P may reach asymptotically to 0 with decreasing T and to 1 with increasing T beyond T 2 . Considering Figure 2 , the curve of L in Figure 1 is definitely away from T 2 and the behaviours of ideal gases. Also, similar to ( dL/ dT ) P , the curve of the heat capacity in Figure 4 shows a maximum at the temperature T 1 which is the inflexion point of the enthalpy H. The enthalpy reaches the behaviour of ideal gases at higher temperature beyond T 1 . The heat capacity becomes asymptotically 1.5 R 1 at higher temperature than T 1 . ( dL/ dT ) P and C P are originally not maxima but must diverge to infinite according to three-dimensional models [8 -10] . This point of L, however, corresponds physically to a boiling point, while L does not show a sudden change but a sluggish one in the neighbourhood of the inflexion point T 2 . L in Figure 1 indicates the liquid phase from lower temperature to the inflexion point and the gaseous phase from the inflexion point to higher temperature. The Morse potential for polar gases in B seem especially to include a factor of the long-range interaction which consists of the electrostatic dipole-dipole function [1] .
In one dimension, the inflexion point of L does not agree with that of H though a jump for H is graphically observed from the liquid to the gaseous phase at the boundary of the boiling point in the three-dimensional models [8 -10] . Assuming that boiling temperature T B is physically equivalent to the inflexion point of L, T 2 , the boiling temperatures for polar substances indicate reasonable values compared with experimental data [11] as shown in Table 2 . The behaviour of ( dL/ dT ) P in the neighbourhood of the boiling point corresponds to a first-order phase transition in one dimension.
